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TRANSMISSION OF SOUND FROM DEEP TO SHALLOW WATER

ey
n-y,
~

o

A. N. Guthrie

Hudson Laboratories' Operation 12 was conducted irn early De-
cember of 1952 t¢c study the transmiesicn of scund from dsep water
over the Continental Rlse to listening stations lecseted in various
deptns of water cover the Continentai Slope. Pressure levels from
shallow explosive sources were measured at four listening stations
located at water depths of 180, 280, 480, and €00 fathoms, respec-
tively.

Two ships, the US8 ALLEGHENY (ATA 1792} as shooting ship and
the USFWLS ALBATRO8S III as listening ship, were used %o carry
out the field operations in an area south of Montauk Point, Long
Island.

I. THE EXPERIMENT

The field operations consisted of three range runs made on
three successive days with the ALLEGHENY commencing each run at
point BAKER (39° 37.5' N, 70° 49.5!' W) in 1200 fathome of wster
agdoprocee&ing at 10 knots on a course tearing approximately
178° T.

Four 1/2 1b TNT-tetryl demoliticn blocks bound together with
marline and frictlon tape were used as bombs. These bombs were
expleded at depths of approximately 40 feet by means of 9 in. non-
electri~ fuses.

The shot signals were received on the ALBATROSS ty a Brush
AX-58C hydrophone suspended at a depth of 250 to 300 feet below
the surface. Plastic floats were atteched at reguler intervals
along the hydrophone cable to reduce the submerged weight of the
system to a small value. In order to further eliminate motic

of the hydrophone through the water due to ship roil, an elastic
Arvvamanat Aan avatam Fan Elhha heerAdmanmlanavma Seam cam -~ MlS v mermda ~
SUSPeNnsilil 8Yysuvel 10" Yne nyaroplolrie Was usel. 408 Byswem COn=-
sisted of a 25-foot length of shock cord anchoring the hydrophoune
cable to the rall and a 50-foot length of rubber, made of bicycle
inner tube cut and fastened together end to end, connected scross
a 100-foot slack section in the middle of the hydrcphone cable.

SECRET
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The recording syetem used on the ALBATROSS 1s shown 1n the
block diagram of Filg. 1. The geophysical voltage amplifier has
an essentially flat response from 10 cps to 1500 cpe. The BKL
electronic fllter was set at 20 cps high-pass. The Magnecorder
taepe recorder wase operated at 7 1/2 in/sec tape speed. The re-
sponse ¢f the hydrophone on the ALBATROSS was recorded on chan-
nel 2 and a rsdioed shot signal from the ALLEGHENY wae recorded
on channel 1 of the recorder. A break-circult chronometer record
was recorded on channel 1 along with the radioed shot signal. 1n

this way, a means of measuring the travel times of the shots was
pirovided.

The three range runs, in the order in which they were made,
are designated Event CHARLIE, Event DOG and Event BAKER. Flgure
2 shows the tracks of the ALLEGHENY and the listening stafiions
occupled by the ALBATROSS for esch of the three range runs.

Event CHARLIE was carrled out between 0800 and 1700 hours on
Decerber 7, 1952. The ALBATROSS was anchored up the Continental
Slope in 280 fathoms of water at 39° 55' N, 70° 652.5' W. The sea
state was 2 to 3 throughout the run. A bomb drop was made avery

12 ainutes (4 kiloyards) to a point about 190 kiloyards south of
point BAKER.

Event DOG took place on 8 December 1952 between the hours
080C and 1900. At the beginning of the run, the ALBATROS3 was
hove to at spproximately 39° 50.5' N, 70° 51.5' W in 480 fathoms
depth. After four hours, the ALBATROSS was moved 3 klloyards
south to a depth of 600 fathoms. During the remainder of the run,
depth varied frem a maximum of 620 fathoms, measured at 1500 and

1622 hours, to a minimum of 560 fathome, measured at 1900 hours
at the end of the run.

During the run, the sea state changed from O &t the begin-
ning to a state of about 1 by late afternoon. The wind direction
shifted from 88SE to E and the force increased from O to 1 during
the course of the run.

A bomb drop was made every 12 minutes {4 kiloyards) cut to a
distance of about 225 kiloyards from point BAKER.

Event BAKER was carried cut on 9 December 1952 bpetween 0800
and 1700 hours with the ALBATROS3 anchored in 180 fathomse of wa-
ter at 39° 58.5' N, 70® 53°' W. ©BSea otate was 2 &t the beglinning
and changed to 3 before the end of the event.

A bomb drcpr was made every 12 minutes until a distance of
ebout 175 kiloyards from point BAKER was reached.

SECRET
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II. ANALYSTS OF RECORDINGS

The analysis of the shot signals recorded,i? nagnetic tape
was made by using an energy integrating system: composged of
analog computer elements manufactured by Gecrge A. Philbrick
Regearches, Inc., of Cawmbridge, Massachusetts. These elements
are the coefficient, squarer, adder and integrator in the block
diagram of Fig. &.

The sho% signals reproduced by playback of the magnetic tapes
were filtered 1o the deslred pass-band and then amplified by the
Radio Craftsmen 500 ampliflier and the coefficlent to give a peak
gsignal input %o the squarer of 25 to 33U volts. A recording of the
glgnal input to the squarer was made on channel 1 of the Brush re-
corder which was callbrated so that the pezk voltage of thie sig-
nal could be read.

The output of the squarer, which was proportional to the

quare of iis input, was passed through the sdder. 7The adder,
ccmponent which can be set toc add to or aubtract from the sig-
al a small steady voltage, was used in this system to remove
from the input t¢ the integrator any steady nolse which was re-
corded on the tape or originated in the system. Assumling random
pgase gistrlbution in the nolese, the output of the squarer equals
8¢ + N, where 8 and N are respectlvely proportional to the shot
signal voltage and the nolse voltage 1n the lnput to the squarer.
The udder can be set to subtract a steady voltage equal to N<
from the output of the squarer and thus render the input to the
integrator equal to 8%, provided the nolse level remains constaent.

g
a
n

A reccrding of the cutput volitage of the integrator vs time
was made cn channel 2 of the Brush recorder. Thils voltage was
propocrtional to v[szdt which, since 8 was proportional to the
snot signal prressure p at the hydrophone, was also proportlonal
to <[p2dt for those casees where the noise level remalned constant
throughout the period of integration.

were produced with this aya-
¢cp8. When higher frequen-
cles were used, 1t wae necessary to rectify the input to channel 1
of the recorder by use of a dicde detector because the Brush re-
corder will not respjond satisfactorily To frequencies avove 100 cps.
In two of the three osclllograme, the pen trace ¢n channel 2
is flat both before and after the shot arrival. This 1s an indi-
cation thset the adder was properly set to cancel the steady back-
ground nolse. The trace on the oscillogram for Event CHARLIE is

SECRET
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flat before but not after the shot &rrival becaiise a vurst cf w
frequency nolse clcgely followed the shot arrival. Similar nolse
bursts appearing in many of the oscillegrame of Event CHARLIE hav
complicated the analysils of the recordings of this range run.
source of these nolise bursts iz not dcfinltely known, but it 1is
beileved to have been the high-pase filter used in the recording
syatem on the ALBATROSS.

N ol
30 @ C
'

he

The rise of the pen trace on chennel 2 %g the oscililogram
cetween times t; and tp 1s proportional “th pPdt. This inte-

gral 1s proportional to the energy per unit are? yhich reaches
the hydrophone during the time interval tgo- “/ Thus, the to-
tal energy ir the shot arrival and the energy 1n the 1ndividual
bottom reflectlon ordere may be obtained by reading the trace
rise during the appropriate time lnterval and applying the var-

lous geln factor of the recording and analyzing systems to the
reading.

ITI. QUALITATIVE RESULTS

The qualitative differences in transmission to the three
listening stations are shown by the osclllograms in Fig. 4. Ths
three osclllograms were made at the 180-fathom, the 280~fathom

and the 600-fathom listening stations, rezpectively. On each
osclllogram, channel 1 13 a recordiﬁs of the signal from the shot
and channel 2 1s a recording of p“dt. The pass-band used was
50-6C ¢ps and the ranges of the shcts were 108-110 kiloyarde from
the respective listening stations.

The marked differencs in appearance of the oscillogram of
the 600-fathom station from that of the other two stations is due
to the effect of the bottom on transmlssion. Transmission of
sound from & source nsar the surface to a raugu of 100 kiloyards
in thls pert of the ocean requires several becttom reflectilons.
Each reflection on an up-slopling bottom rotates the ray toward
the vert:bal by an amount equal tc twice the angie of slope of

the bottom. +°/ As the Bound travelis up the e;cpe, the water b2

comes shallower and the rays steeper so that more reflectiocns oco-
curr in covering a given distance. When a ray 1s incident on the
ccean floor at an angle stecper than *he critical angie, some of

<
the energy carried in the ray 1s refructed into the bottom. This
has two results; the energy in the water 1g attenuated and the
energy arrival at the hydrophone 1s smoothed out so that the in-

dividual bottom reflectlon orders are no longer separated and
well defined.

SECRET
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The several well-separated and compact bursts of energy which
arrive at the 600-fathom listening staticn durlsg & nerlod of about
4 seconds 1is evidence that a number of bottom reflection ordersa are
acle to reach thies far up the slope wlthout undergoing reflectlon
at angles steeper than critical.

The appearsance of the arrival at the 280-fathom station sug-
gests thau, at most one, and poselbly none, of the bettom reflec-
tlon orders are able to travel up the slope to thls peint before
cming so steep that reflection 1s nc longer total,

At the 180-fathem station the energy erriveas at an approxi-
mately constant rate for a period of about 3 seconde and then ta-
pers cff for about a second longer. Thig appearance 18 taken to
mean that all botivom reflection ordere arriving at thls peint on

the slope have undergone several reflections at angles steeper
than critical.

Iv. COMPARISON OF LISTENING STATIONS

Corrected pressure levels vs distance from point BAKER are
plotted in Fig. 6. The pressure levels have been corrected for
cylindrical spreading to & rangé of one klloyard by addition of
10 log R to the me asured essure levela, and for water absorp-
ticon by addition of 0.0l £= R, where R from the

is the range irom Tae
l*s*ening etation 1in kiloyards af& f4 1e the mean square of the
freGuency over the band in kcps., 1nis graph includes the re-
suvlts for each of the three shot runs in the 30-60 cps and 1000-

B A
LT ataVal <
l“lll\a‘ l.'l-
el

The curve at the top of the figure 1s a plect of the surface
water tempersture vs distances from polnt BAKER as cbtained by
bathythermograph lowerings made during Events CHARLIE and DOG.

Point BAKER was the point of departure of the shcoting ship
for each of the three shot runs. The ranges from the listening
shlp to point BAKER were 27.6 kyds for Event DOG, 36.6 kyds for
Event CHARLIE, and 44.5 kyds for Event BAKER.
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Since the pressure levels have Teen corrected for spreading
and for water absorption, differences in pressure levels beftween
any two listening stations must be attributed to the effects of
tottom and surface reflectione which occur betwsen the two sta-
tionsg.

(9] +ha vergos +theas iffarancea hetwee +ha AQON
n av a a etween

ol W o e YiaT TEUNI~

the 280-fathom lisTening stations amount to no more than O
both the 30-60 cps band and the 1000-200C cps band. The range dif-
ference between these two statlons 1s sbout 8 kyds. For a range
difference of about 9 kydes, the differences in pressure levels be-
tween the 280~fafhom and the 180-fathom liste ning staticone are
about 6 dv in the 30--60 cps band and about 9 db in the 1000-2000
cps band,

l-t‘

1 2]
4l

~

This indicated increase in the rate of energy lcss as the
sound travels further up the slope is in egreement with the Jual-
itative conclusions regarding the c¢ffect which an upward sloping
betteom will have on sound propagation.

The 280--fathom listening statlion appears tc have been at about
the limit, or s8lightly beyond ine 1iimit, of distance up the slope
fTor which there can be & ray path from a shsllow source well out in
deep water which will not undergo at least one bottom refliection at
an angle which is steeper than the eritical angle., Certalnly the
appearance ©I the arrivals at the i80-fathom listening station gives
evidence that sound energy reached this station only after under-
going one or more partigl reflectiong from the hottom

V. FREQUENCY DEPENDENCE OF TRANSMISSION

A comparison of the pressare levels in each of the five octave

bands Petween 6C cps and cvuo p8 with thceee for the 30-80 cps band
iga m

made in the graphs of Fig. ” for the shcots of Event DOG. The

curvea of this figure are plots of the pressure 1
between the octave band in question and the 30-80 c
from the listening =%tation.

oqr
w ¥

el differences
cps vand vs range

The pressure level differenceg between the 60-12C cps band and
the 30-60 cps band remaln approximately constant for the shota in
the range interval 3C kyds to 115 kyds and then fallg by about 2 db
betwsen 115 kyds and 145 kyds. For the 125-250 cps band, the levels
incresse r31n+4"n +to those of S R W S T -

2 those the 30~-60 cps band by about 5 db a=s
the range increases from 30 to 115 kyde and ithen drop about 6 db in
the next 30 kyds. The three octave bands between 250 and 2000 cps

show slowly decreasling pressure levels relative to those for the 30-
60 cps band as the range increases from 30 tc 115 kyde and rapidly

falling levels between 115 and 145 kyds. and rapidly

P
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This dependence c¢f pressure level-reange relatlonshlip on fre-
quency 1s attributable to the efrects of transmlseion by surface
sound channel and leakage paths. In the octave bande above a fre-
guency of 125 uns, a significnnf amcunt of sound energy will resch
the hydrophone Ly tranemiseion slong such pathe. Below this Ire-

quency, sound energy ls rapidly attenuated in the surface sound
channel because the wavelengtins are large compared to the depth
of the channel.

The atuenuation of souné energy by rsflection from the bottom
increases with increasing frequency. Thus, as the frequenzy rises,
the fraction of the energy reachinz the hVuronhone by direct bottom

wad?]

refflection paths decreasss and the fracticn by surface sound chan-
nel a2nd leakege paths increasees.

This effect le shown qQqualltatively by the oscillograme of
Flg. 8, where the slgnals of the ensrgy arrivals at the hydrophone
in the =aix octave bands vetween 30 and 2000 cps have been recorded
by a Brush recorder, The signals have been rectified for frequen-
cies above 60 cps.

The travel time along a path which invelves the surface sound
channel 1s shorter than that along any direct bottem reflection
path. For all frequencies above 125 cps, there 1s a prominent en-
ergy arrival which precedes the first energy arrival in the Z0-60
cpe band by almest one-half second. Certainly this energy has
traveled by a path which involves the surface sound channel. In
the 1000-2000 cps band, this early arrival constitutes the majcr
vart of the tctal energy.

The levels of the 125-250 cps band rise relative to thoese for
the 30-60 cps band in the range interval 30 to 11% kyde because
these frequencies combine relatively good surface sound channel
Transmisslon with relatively low attenuation by bcttom reflection.
Between the ranges 115 and 145 kyds, the shooting ship was enter-
ing a body of water assoclated with the Gulf 8tream. The temper-
ature of the water at the surface rose from 59° F to 67° F and the
surface sound channel largely disappesred. The 6 db drop in the

levels of the 125-250 cps frequency tand relative to those of the
30-60 c¢ps band vetween 115 and L%D kyds represents the disappear-
3 s T

ancs r\-P =l 1.

------- ound channel contribution to the energy reach-

n
§

v aiw -~

ing the hvdro£

The still sgharper drop in the relative levels of the higher
frequencies shows how dependent transmission cf these frequencies
is on the surface scund channel.
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VI. BOTTOM REFLECTION LOSSES

In the sho% arrivals at the 600-fathom station, the various
bottom reflection orders are well separated and 1t 1s possible to
measure the energy of each order. Figures 9 is & plot of the cor-
rected pressure levels vs range for the individual bottom reflec-
tion orders for the 30-60 cpes fraquency rrange. These pressure

levels have been corrected for spherical spreading by addition of
20 log R to the measured levels, where R is the range in klloyards.

The complicated bottom in thie area maekes 1t impossible to
ldentify the bottom reflection orders unless the range run was com-—
menced at a sufficlently short range that the bottom reflection of
order one appeared, l.e., sound could reach the hydrophone after
undergoing only one reflection from the bottom The range &t which
this run started wae certainly tco large for this to be possible.
Since numbers could not be eassigned to the bottom reflection or-
ders, they have been deeignated C, D, E, F, G, and H in Fig. 9.

Tue results as plotted in Fig. 9 are corsistent with zerc
loge for beotiom reflections at angles more grazing than the crit-
lcal angle, but are not conslstent with a loss of more than 0.25
db/reflection.

Officer and Hersey(3) have reported values for bottom reflec-
tion losses from simllar experiments in the same general area. They
report losses of 1 db/reflectiocn in the frequency range 50-100 cps,
2 db/reflection for 100-200 cps, 3 db/reflection for 200-400 cps,

4 1/2 db/reflection for 400-800 cps and 6 1/2 db/reflection for
800-1600 cpe. The very low value of loss for the 30-60 cps range
glven by this study 1s conslstent wlth these Voods Hole Cceano-
graphric Insetitution values.

Scatter of the data Tor the 60-120 cpe frequency band makes
«r )
\J

it difficult to determine a reflectlion loss ue for this fre-
guency. The data are consistent with a value as low as 0.6 db/
reflection or as uigh as 1.1 db/reflectilon.

For frequencies altove 125 cps, the complicated naturs of the
propagaticon maxee 1t impossible to determine a reflection loss
value with any assurance from the data of this study.

vII. JUMMARY AND CONCLUSIONS

A study has been made of the transmission of sound up a
loping ccean bottom from explosive sources near the surface to
*

ctening setations in shallow water over the Continental Slope
a poilnt south cf Montauk Point, Long Island.

A
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Analvs1ﬂ of thege measuremente has shoun thgf qnnnﬂ trang-

T e

as tne sound travele further up the slope. This effect is attribu—
ted to the progressive gce9usn1ng of the rays by reflections from

the up-sloping bottom e”ﬂ th: regulting lose of energy by refras-
tion into the bottow wici: SuE s,unﬁ becomes incident on the boitom
at angles steeper than critical.

Data taken at a statlon in 600 fathoas water have ylelded
limiting values of bottom reflection lcases

3~
Rige for ‘"‘g"“S of reflechicn more gx a‘..&.“g

& Au-(

wilali 4

in general agreement with values obtained by WHO 01(3
area.

- 1l e

J.bd..i wu.u,u. al'e
in the same

..

T
on the Contineﬁtal
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